EVERY animal, together with every tissue thereof, exhibits a characteristic series of changes when it is exposed to a gradually increasing temperature. Their activities are increased or decreased, chemical changes are induced in their protop'lasm, and their colloids exhibit physical alterations. Again, in the case of the entire animal, immunity to different infections is modified.
the cells. Moisture intensifies the effects of heat and a hot bath exerts. a more powerful action than radiant heat ( fig. 3 ). Moist cold is more depressing than dry cold, and moist heat is more exciting than dry heat. Again the complex nerve cells perish at a lower temperature than the simpler bacteria. When the temperature applied is above the optimum, the changes induced in the cell are not so easily reversed by cooling, and when they are completely irreversible the cell is dead.
As regards chemical and enzymatic processes, the modifications 'induced by thermal applications follow the Law of Arrhenius and van't Temrpertuare of 6ath. Hoff which states that " the velocity of any process is doubled or more increased by every rise in temperature of 50°F. between 320 and 1040 F., but above 104°F. it diminishes."
The effect of increase in the temperature of the sea on marine animals has an important bearing on the production of thermal debility in man. The nerve cells surrounded by lymph can be likened to animals in water. When both media are heated the animal or cell cannot get sufficient oxygen from the fluids for their exalted metabolism so they are weakened or killed. Cold-blooded animals have no heat regulating mechanism, whereas warm-blooded animals have, and the latter becomes more perfect as we ascend the animal scale. Again it is less perfect in the young than in the adult. Gonsequently, baths and climates at extremes of temperature are likely to do more harm to children than adults. Edwards, [3] has shown, too, how the young of carnivora and rodents, have a less perfect heat-regulating which are not born blind.
mechanism than the young of animals. Man has the best heat-regulating mnechanisml and there are many records of its stability in different climates, so it is not necessary to enter into it here. If, however, any individual lowers his vitality by alcohol, or other physiological depressants, tropical climates, oroccupations carried out in high temperatures will induce serious symptoms, and the commonest one is thermal debility. Thermal debility is induced sooner or later by hot climates and hot baths. The symptoms vary in degree from a feeling of enervation, 'such as that following a too prolonged hot bath, to collapse plus hyperpyrexia occurring in heat stroke and siriasis. The symptoms are produced by a combination of the following:
(1) Diminished heat radiation.
(2) Diminished oxygen supply to the neurones.
(3) Toxiemia. (4) Exalted metabolism and increased activity of the nerve cells. The adult human skin has an area of about 15 square ft. It cools the blood by radiation and perspiration. WheD the body is immersed partly or entirely in a hot bath the area available for cooling the blood is diminished. The heart then beats more quickly to drive the blood through the skin which is not immersed. The larger the area immersed the greater is the increase in pulse-rate as shown in the following Each bath was at 1060 F. for ten minutes.
The heated blood takes up less oxygen in the lungs, and less carbon dioxide in the tissues, which are, consequently, in a condition of thermal asphyxia. They must then derive much of their energy from their contained intramolecular oxygen. When that is used up the cells become adversely affected, and the nerve centres, especially the respiratory cells, suffer quickly, for they have little intramolecular oxygen.
Many experiments have shown how a deprivation of oxygen to the nerve centres is followed by serious effects, the grossest being vacuolation, cloudy swelling and extrusion of nuclei. When the asphyxia of the cells begins, toxins have an opportunity of acting, for the defending oxygen is diminished. These toxins are produced by cellular metabolism (intracellular), or invade the cells from without (extracellular). The intracellular toxins are produced in greater amounts because the heat applied excites metabolism. W It has been shown by the Mayer-Overton theory that salts will pass from liquids to fats when a mixture of lipoids and saline solution is heated. When the mixture is cooled again the salts leave the fats for the liquid. It is possible that in thermal debility toxins in the lymph pass into the lipoids of the-cerntral nervous system. It has been shown by Vincent [41 that the blood is toxic in the various conditions induced by prolonged heat. These toxins are frequently reducing in action, and still further diminish the oxygen available for the nerve cells. The heat may eventually cause the neurones to withdraw their processes in the same way as an amoeba retracts its pseudopodia. The result of these actions is that the nerve cells have lowered vitality and send out fewer trophic impulses to the muscles, so lassitude and at feeling of debility result.
Thermal debility follows exposure to hot climates and to hot immersion baths, radiant heat and hot douches, but it is less likely to appear if a cold application follows the hot one. It should therefore be a rule to apply cold after every hot bath. It is more readily induced when illness, fatigue, improper clothing, abuse of alcohol, have depraved the physiological processes in the body. Again, it is easily produced by hot baths in the aged and infant. The symptoms come on during the bath, or a variable time afterwards. Moreover, the effects of a series of hot baths are cumulative and may make their appearance after a patient has returned home from a spa. The following symptoms appeared in nine healthy men submitted to hot baths till debility was induced. All the men had the same symptoms, but their intensity was a personal factor, for a bath at 102°F. had a more powerful effect on one man than one at 104°F. on another. The most typical symptoms were observed in the man who was immersed in a full bath at 102°F. for sixty minutes. To make the picture as complete as possible no cold applications were made to the face and scalp beforehand, and during the bath, and there is no doubt that many of the symptoms were due to the omission of that measure. The contact of the hot water on the body surface produced a retrostasis of blood, and the internal vessels became dilated, so the patient complained of fullness in the head, and of a throbbing and a beating pain in his temples. The pulse, which was 92 per minute before immersion, slowed down to 72. In five minutes this excitement gave way to depression, and the cutaneous vessels exhibited passive dilatation. The blood increased in amount in the skin and decreased in the internal organs, which were thereby rendered anaemic. The strain on the heart was relieved, the pulse-rate was accelerated and the pulse became more compressible. Its rate increased progressively from 72 to 94 per minute, at which point it maintained a steady level for twenty-two minutes, and then it exhibited steady fluctuations with a tendency to fall off in the number of beats. The sweat glands were aroused to activity and the perspiration trickled down in streams from the forehead. The respirations became rapid and shallow, but it was difficult to count their number accurately because the body was completely immersed in the water. In addition to the alterations in the respiratory movements the patient complained of pain in the chest, and he developed bronchial catarrh. His other symptoms were a feeling of lassitude, nausea, thirst, and a sinking in the epigastrium, but he had no actual sickness. On attempting to rise out of the bath he fainted, but he was readily brought round again by affusions of cold water.
These symptoms are of a constant nature in all types of thermal debility, whether they are produced by climatic action or baths. They may not appear, however, after a single bath, or they may come on a considerable time afterwards. A course of baths, without terminal cold applications, may lead to severe thermal debility, with cardiac weakness or even dilatation, because the effects of heat are cumulative. There is, in fact, a summation of effects.
The circulatory phenomena were of constant character but of varying in,tensity after all baths the temperature of which lay between 98°and 1050 F. (370 to 410 C.), but baths at 1060 F. (41,5°C.) and at 960 F. (360 C.) produced different effects altogether. They are exhibited in the following 
None
We see, therefore, that the pulse shows four periods when the temperature of the bath is 98°to 1050 F. (370 to 410 C.). These are retardation, acceleration, a steady level, and a period of fluctations The treatment of thermal debility is mainly prophylactic. Prolonged hot applications should never be made to the whole body, but the limlbs can be submitted to heat for a longer period than the trunk. In every case the prescription must follow the physiological laws regulating the duration and temperature of baths, and, moreover, the temperature and duration must be regulated to suit each case. The individual should not indulge in the use of physiological depressants in a hot climate. Too many baths, unsuitable food, extreme fatigue, and excesses of all kinds should be shunned because they are predisposing causes of thermal debility, and the majority of the cases in the tropics occur in people who have been guilty of physiological unrighteousness. In every connexion, whether it be environment or treatment, children and old people should not be exposed to extremes of heat; but the aged tolerate them better than the young. Children of European parentage are sent home early to England because they would not grow up into healthy men and women otherwise. It is different, however, in the case of native children, because they are inured to heat by ancestry and acclimatization. Every hot application must be followed by a cold one to maintain the tone of the skin and the irritability of the muscles, and to prevent the occurrence of thermal debility. It may be applied in the form of ablutions, affasions, douches or baths, and the method chosen must depend on the case. If thermal debility should appear cold must be freely applied, for it is the only rational antidote to the pathological effects of heat. Numerous experiments have been performed on animals with the object of establishing the symptoms which appear until death takes place. Up to a point they agree with those noted by the author in the cases of the nine men aforementioned.
The effect of high temperatures on cold blooded animals has already been described, and it was shown how the temperature of 40 C. (104°F.) is lethal for the frog. Obernier, Litten, Weikart and Crawford have studied the effects of hot air for prolonged periods on the mammalia and the phenomena observed by them were identical. The temperature chosen was 40°C. The effects are due to heat accumulation, for radiation from the surface of the skin is checked. The temperature falls at first, but it soon begins to rise and is elevated 40 to 6°before death. Vascular tension falls, the heart becomes quick and irregular, and respiration is shallow and rapid, and asthenia, debility, spasms and convulsions precede death.
Perspiration is a means by which some of the accumulated heat is converted into work and used up. It permits man to tolerate higher temperatures than animals can, and if his head is not exposed to the heat he does not suffer so much. If he is exposed to too great heat for too long a time his skin becomes hot and burning, the cutaneous veins become engorged, and sweat is profusely poured out. The pulse and respiration become rapid and feeble, and headache, giddiness and asthenia indicate thermal debility of a severe degree.
The effects of climates have had a marked effect on the distribution of animal and vegetable life on the earth, and have had a profound influence on the distribution and habits of the different races of mankind. It is unnecessary to enter into details here, but the reader is referred to the works of Huggard [5] and Geikie [6] for the excellent accounts of these effects.
